Impairments in visual processing are pervasive in schizophrenia, ranging from deficits in simple visual discriminations (Butler & Javitt, 2005 ) to abnormalities in high-level visual perception (Kim, Park, & Blake, 2011) . These visual deficits may exacerbate and/or lead to cognitive and social problems (Uhlhaas & Mishara, 2007) . Despite many reports of visual deficits in schizophrenia, their role in the symptoms and etiology of the disorder remains unclear. One obstacle to understanding the nature of visual abnormalities in schizophrenia is the concurrent presence of other performance impairments. For example, well-established attentional and working memory deficits (Lee & Park, 2005) may cause poor performance in a variety of visual tasks, making it difficult to isolate specific visual deficits.
Remarkably, abnormalities in visual processing in schizophrenia do not always show up as deficiencies in task performance. Rather, visual perception in schizophrenia appears to be qualitatively different, characterized by performance deficits or performance enhancements Dakin, Carlin, & Hemsley, 2005; Tadin et al., 2006; Uhlhaas, Phillips, Mitchell, & Silverstein, 2006; Yoon et al., 2009; Yoon et al., 2010) . The findings of enhanced performance in schizophrenia are difficult to attribute to nonvisual factors and thus provide a direct behavioral measure of underlying visual abnormalities. Importantly, better-than-normal visual performance in schizophrenia seems to be restricted to tasks of spatial contextual effects in visual perception, wherein the perceptual appearance of a visual feature depends on its surrounding spatial context. For example, in the well-known Ebbinghaus illusion (Fig. 1e) , a circle surrounded by larger circles appears smaller than the same circle presented alone. Similarly, the presence of a high-contrast background decreases the apparent contrast of smaller foreground features (Fig. 1b) . Although these illusions provide striking examples of nonveridical visual perception, they are considered functionally advantageous because they serve to enhance differences among visual features and consequently facilitate their segmentation from their background (Albright & Stoner, 2002) . These contextual illusions, in other words, arise from vision's adaptive propensity to emphasize relative differences among features rather than their absolute characteristics. However, a neural implementation of such contextual interactions must strike a balance between enhancement of differences among features and veridical integration of visual signals (e.g., Braddick, 1993) . Consequently, both abnormally weak and abnormally strong contextual modulations constitute departures from typical vision and are arguably maladaptive.
As mentioned, recent studies suggest that individuals with schizophrenia (SZ) may be less influenced by visual context on some tasks, thus enabling them to perceive absolute characteristics of individual features more accurately. For example, Dakin et al. (2005) reported that SZ were better than healthy participants at judging stimulus contrast under conditions of contextual modulation. This tendency toward veridical performance by SZ, however, suggests processing impairments-namely, a weakening of inhibitory mechanisms that normally modulate perceived stimulus contrast (Butler, Silverstein, & Dakin, 2008) . Yoon et al. (2009) extended these results, reporting abnormally weak orientation-specific surround inhibition, as evidenced by more accurate contrast discrimination in SZ. Yoon et al. (2010) subsequently linked this deficit with abnormally low GABA (gamma-aminobutyric acid) levels in the visual cortex, suggesting a possible causal role of impaired inhibitory mechanisms.
However, a recent study with a large sample size failed to replicate the original results by Dakin et al. after controlling for differences in baseline performance. This result reveals a possible attentional confound and underscores that the nature of contextual contrast modulation in SZ remains an open question. In a similar vein, our group found abnormally weak surround inhibition in SZ tested on a motion perception task (Tadin et al., 2006) , a deficit that involves improved detectability of large moving stimuli. In addition, SZ are less prone to the Ebbinghaus size illusion, exhibiting more accurate size perception when surrounding context is present (Uhlhaas et al., 2006) . In summary, visual perception in schizophrenia is characterized by diminished contextual modulations (see Chen, Norton, & Ongur, 2008 , for an exception), which paradoxically produces more accurate perception of absolute stimulus characteristics.
Considered together, results from these studies suggest a generalized contextual processing deficit in schizophrenia, in line with contextual disturbances in schizophrenia reported in other sensory and cognitive domains (review by Phillips & Silverstein, 2003) . These contextual processing deficits may be indicative of a unitary mechanism that is a core feature of schizophrenia (Cohen & Servan-Schreiber, 1992) . The empirical evidence for this appealing hypothesis, however, is The orientation or motion direction of a center stimulus appears to be repelled away from the orientation or motion direction of the surrounding pattern (arrows denote motion direction). (e) Ebbinghaus size illusion: When a circle is presented with larger circles in the surround (right), the center circle is typically perceived as being smaller than a stimulus of equal size (left). Note: Scale bar denotes the stimulus display size in degrees of visual angle. The spacing between stimuli in 1a is not on the same scale as the size of the stimuli.
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sparse, given that prior studies have typically focused on single contextual tasks, several of which have yet to be replicated. Furthermore, there is considerable variability in the magnitude of observed contextual deficits within and across functional domains, and in some cases contextual abnormalities seem restricted to specific tasks (see Park, Lee, Folley, & Kim, 2003) and subsets of patients (Tadin et al., 2006; Uhlhaas et al., 2006) .
Nonetheless, the utilization of measures of contextual processing has already found its way into clinical testing . There has been a rapid growth in the use of context tasks in clinical trials and large-scale, NIH-supported studies of schizophrenia, including tasks focusing on visual context. Given this trajectory, it is imperative to specify and identify the conditions under which contextual processing is weakened in schizophrenia-a goal requiring comprehensive investigations. We investigated a diverse set of psychophysical tasks in which spatial context is known to affect stimulus appearance, including both previously tested contextual modulations and modulations that have yet to be examined in SZ. Specifically, we investigated contextual effects in luminance, contrast, size, orientation, and motion perception. In all these tasks, weaker contextual modulation is associated with more accurate perception of visual features. Thus, if a broad contextual deficit exists, SZ should exhibit more veridical performance relative to healthy matched controls when the visual context is present. Moreover, if a common mechanism underlies contextual effects in these tasks, then the magnitude of impairment should correlate across tasks. In sum, we aimed to investigate the full range of visual context processing to elucidate the profile of impaired, intact, and enhanced functions in schizophrenia.
Materials and Method Participants
Thirty individuals who met the criteria for schizophrenia per the Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV; First, Spitzer, Gibbon, & Williams, 2002) , and 23 healthy volunteers (CO) with no history of Axis I disorders in themselves or their families were recruited from the Nashville, Tennessee, area. Diagnosis was confirmed by trained master's-and doctoral-level psychologists using the Structured Clinical Interview for the DSM-IV (First et al., 2002) . Exclusion criteria for the study were substance use within the last 6 months, neurological disorders or head trauma, and an IQ lower than 80. Visual acuity of all participants was 20/30 corrected or better (Optec Vision Tester 5000, Stereo Optical, Chicago, IL).
The mean illness duration of SZ was 17 years (SD = 8). All SZ were medicated (83% on atypical antipsychotic drugs, 60% on mood stabilizers, and 40% taking both). The mean chlorpromazine equivalent dose was 496 mg/kg/day (SD = 365). Clinical symptoms were assessed with the Brief Psychiatric Rating Scale (BPRS; Overall & Gorham, 1962) , the Scale for the Assessment of Positive Symptoms (SAPS; Andreasen, 1984) , and the Scale for the Assessment of Negative Symptoms (SANS; Andreasen, 1983) . SZ were clinically stable at the time of testing, with a mean BPRS score of 13 (SD = 8), SAPS score of 14 (SD = 13), and a SANS score of 17 (SD = 7).
There were no significant differences in age (p > .05) between SZ (M = 41, SD = 8) and CO (M = 39, SD = 9) or in the proportion of women (p > .05) between SZ (37%) and CO (48%). Although SZ (M = 13, SD = 2) had fewer years of education than CO (M = 16, SD = 2), t(51) = 4.4, p < .001, they did not differ in IQ (p > .05), with mean estimated IQs of 104 (SD = 9) for SZ and 106 for CO (SD = 11), as assessed by the National Adult Reading Test (Nelson, 1982) . Finally, social functioning, as assessed with the Social Functioning Scale (Birchwood, Smith, Cochrane, Wetton, & Copestake, 1990) was worse in SZ (M = 111, SD = 9) than in CO (M = 123, SD = 5), t(43) = 5.4, p < .001. The Institutional Review Board of Vanderbilt University approved this study protocol. All participants provided written informed consent and were paid.
Apparatus
Stimuli were created with MATLAB and the Psychophysics Toolbox (Brainard, 1997; Pelli, 1997) and were presented on a linearized CRT monitor (1280 × 960 resolution at 120 Hz). Participants viewed the stimuli at a distance of 73 cm, with the head stabilized by a chin rest. The display background luminance was 35.2 cd/m 2 except in the brightness induction task, where it was 0.11 cd/m 2 . The ambient illumination was 0.16 cd/m 2 .
Context battery
A battery of five psychophysical tasks was administered to assess contextual effects in a broad range of stimulus dimensions: luminance, contrast, size, orientation, and motion direction ( Fig. 1 ). All tasks involved a center stimulus, of which the perceived appearance, as judged by healthy observers, was altered by the presence of surrounding stimuli. Participants were instructed to judge the appearance of the center stimulus by comparing it with a fixed reference stimulus. For each task, the point of subjective equality (PSE) was measured to quantify the magnitude of the contextual modulation. PSEs were estimated for the brightness induction task by method of adjustment and, for the remaining tasks, by adaptive staircases. With the exception of the motion task, stimuli were presented until a response was made. All tasks also included a no-context control condition, identical to the main context condition except that no surrounding context was present. These control conditions allowed us to establish that participants accurately judged stimulus dimensions tested in different tasks and to account for any baseline biases of participants.
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Brightness induction task. Two circles (0.5° radius) surrounded by annuli (2.4° radius) were simultaneously presented 15° apart (Fig. 1a) . The luminance of the reference circle displayed on the left was fixed at 6 cd/m 2 , whereas its surrounding annulus was 8, 12, 16, 20, or Surround contrast illusion task. The stimulus display ( Fig.  1b ) was similar to that used previously Chubb, Sperling, & Solomon, 1989; Dakin et al., 2005) . Stimuli consisted of two circular patches (1.67° radius; 13.5° horizontal center-center separation) of spatial frequency filtered noise (1 cycle per degree, center frequency; 0.25-octave bandwidth). The Michelson contrast of the reference patch was fixed (20%) and surrounded by a high-contrast noise annulus (6.67° radius, 97% contrast). The other patch was the target stimulus, the starting contrast of which was randomly chosen (10%-30%). The positions (left or right) of reference and target stimuli were randomly assigned on each trial. Participants pressed one of two keys to indicate which patch appeared higher in contrast, and their responses were used to adaptively adjust the contrast of the target to match the apparent contrast of the reference stimulus.
Ebbinghaus size illusion task. This task was a variant of the Ebbinghaus illusion (Fig. 1e) . The fixed reference display consisted of a small circle (1.08° radius) surrounded by five evenly spaced large circles (2.17° radius, 0.75° apart). The target stimulus was a small circle, the initial size of which was randomly chosen (0.92°-1.08° radius) and thereafter varied by the staircase procedure. The target and reference stimuli were presented 15° apart (center-center), and their positions (left or right) were randomly assigned on each trial. All stimuli were presented at 97% Michelson contrast. Participants pressed a key to indicate which of the two center circles was larger.
Surround orientation repulsion task. The stimulus display consisted of a small circular grating (0.5° radius, 50% contrast, 3 cycles per degree) surrounded by a large, high-contrast annulus (4° radius, 97% contrast, 3 cycles per degree), both of random phase (Fig. 1d) . The annulus orientation was fixed at 15° counterclockwise from vertical, whereas the center orientation was either 11° clockwise or counterclockwise at the start of the task and thereafter determined by the staircase procedure. Participants used key presses to indicate whether the center patch appeared tilted clockwise or counterclockwise relative to vertical.
Surround motion repulsion task. The stimulus display consisted of a stimulus moving within a small circular aperture (1° radius) surrounded by another stimulus moving within a large annulus (6° radius; Fig. 1c ). Both stimuli moved at 3 deg/s and consisted of spatial frequency filtered noise (80% contrast; 1 cycle per degree, center frequency; 0.25-octave bandwidth). The surround motion direction was either 45° clockwise or counterclockwise from vertical, whereas the center motion direction was either 18° clockwise or counterclockwise at the start of the task and thereafter determined by the staircase procedure. To avoid pursuit eye movements, stimuli were presented for 200 ms and immediately replaced with a blank screen. Participants indicated whether the central motion direction was clockwise or counterclockwise relative to vertical.
Procedure
Each experiment consisted of four blocks, starting with the control block (without context) and followed by three context blocks. Each block consisted of two interleaved one-up/onedown staircases. The step size decreased after every two reversals. Each staircase converged after seven reversals, and the average of the last four reversals was taken as the PSE estimate; that is, the resultant PSE for each participant was an average of six staircases (two in control tasks). One exception was the brightness induction task, for which an adjustment method was used (described earlier). Because all the tasks were subjective judgments about stimulus appearances, feedback was not provided. There was no time limit in making a response. The order of experiments was randomized for each participant. The entire battery took about 1 to 1.5 hours to complete. Before each task, participants were given detailed instructions to make sure that they understood the task, and they performed five practice trials.
The magnitude of contextual effects was measured by the PSE estimates with surrounding context relative to the performance on the control condition (i.e., as the degree to which a participant's perception changed as a result of adding the surrounding context). The units for luminance, contrast, and size tasks were cd/m 2 , log 10 contrast, and arcmin, respectively. Orientation and motion repulsion were measured as angular repulsions in degrees.
Psychometric properties
To ensure that we can appropriately estimate contextual processing strength, we considered a number of psychometric issues: ceiling effects, floor effects, and measurement reliability. None of the results approached stimulus-constrained ceilings that are inherent in our tasks (e.g., 90° repulsion in the orientation task). In fact, all results were considerably weaker than the stimulus-constrained ceilings. Theoretical floors also exist and would be manifested as a "no contextual effect" for each task. However, as detailed in the Results section, all CO data sets exhibit strong contextual effects, leaving ample dynamic ranges to reveal weaker contextual effects in SZ. Finally, data for each task did not deviate from normality and equality of variance, as assessed with Kolmogorov-Smirnov test and Levene's test, respectively.
To assess measurement reliability, we split each set of data into halves or thirds and correlated these partial data sets. For size and contrast tasks, we obtained six independent PSE estimates; thus, we split the data into halves. The CO/SZ split-half reliabilities were .90/.90 and .84/.83 for size and contrast experiments, respectively. For motion and orientation tasks, we obtained three pairs of measurements (with a pair consisting of two center directions/orientations). To estimate measurement reliability, we correlated the second and third estimates. CO/SZ correlations were .69/.79 and .58/.82 for motion and orientation tasks, respectively. The modest correlation for CO in the orientation task is largely due to one CO subject who did not show a contextual effect in one measurement; without him or her, the correlation is .71. Note that somewhat lower numbers in motion and orientation tasks are expected, given that only two thirds of the data are used. Finally, CO/SZ correlations between second and third adjustment estimates in the brightness task were .87/.88. In sum, we found reliabilities for SZ and CO to be comparable for each task and relatively high. For SZ, all split-data reliabilities were between .79 and .90 (average = .84).
Results
Owing to experimenter error, data for a few tasks were missing for two SZ: size for one patient and motion, contrast, and brightness induction for both patients. However, their data on the other tasks were retained. Moreover, if a participant's data fell three standard deviations or more from the group mean, his or her data were excluded. This resulted in the exclusion of eight data sets (one, three, and four data sets in the contrast, orientation, and motion tasks, respectively), accounting for approximately 3% of all data. Surround contextual effects were observed across all tasks and for both groups (one-sample t tests, all p ≤ .001). Moreover, CO and SZ did not significantly differ in baseline conditions in which surround stimuli were absent (independent samples Welch's t tests, all p > .05). This result shows that SZ had no problems accurately performing visual tasks in this study. In what follows, we report the results of each task (Fig. 2) , followed by combined analyses across tasks (Fig. 3) .
Brightness Induction
Motion Repulsion The contextual effects of size, t(50) = 0.17, p = .68, Cohen's d = 0.11, n CO = 23, n SZ = 29; motion, t(45) = 0.14, p = .71, d = 0.11, n CO = 21, n SZ = 26; and orientation, t(47) = 2.37, p = .13, d = 0.43, n CO = 23, n SZ = 27, in SZ were not significantly different from those of CO, according to independent samples Welch's t tests. However, SZ did show a weaker contrast illusion, t(42) = 4.87, p = .03, d = 0.64, n CO = 23, n SZ = 27. In the brightness induction task, a repeated measures analysis of variance with surround luminance as the within-subjects factor and with group as the between-subjects factor revealed a main effect of surround luminance, F(4, 196) = 324.3, MSE = 611.35, p < .001, but no main effect of group, F(1, 49) = 1.24, MSE = 8.87, p = .27, d = 0.31, n CO = 23, n SZ = 28, nor an interaction between luminance and group, F(4, 196) = 1.7, MSE = 3.17, p = .16.
To examine the pattern of results across all contextual tasks, we normalized results for each task relative to the performance of the CO to derive z scores (Fig. 3) . For the brightness induction task, we used the PSE estimate in the surround luminance condition that would evoke the strongest illusion (surround luminance of 8 cd/m 2 ). Using a mixed model analysis of variance with task and group as fixed factors, we found no significant main effect of group, F(1, 50) = 0.11, p = .74, with a marginal main effect of task, F(4, 49) = 2.46, p = .06. The combined analysis yielded a significant interaction between group and task, F(4, 49) = 2.53, p = .05, indicating that the relative strength of contextual effects in SZ depended on which task was used. Figure 3 also shows that tasks for which SZ were not significantly different from CO, when considered in isolation, are different from one another. Namely, in SZ, contextual modulation of orientation and motion are stronger than contextual modulation for both luminance, t(24) = 2.7, p = .01, d = 0.75; t(25) = 2.13, p = .04, d = 0.55, respectively, and contrast, t(24) = 3.59, p = .001, d = 1.0; t(24) = 2.27, p = .03, d = 0.62, respectively. Although most of these analyses would not survive multiple comparisons correction, they indicate that the direction of findings in contextual processing studies of SZ will likely depend on which tasks are used.
To estimate a general measure of contextual processing in SZ, we derived a contextual modulation index (CMI) for each patient by averaging z scores across tasks (relative to CO). If patients show general weakening of contextual processing, then CMI should be negative. A positive CMI would indicate a general strengthening of contextual processing. The result, however, is a z value of -0.048, with an associated p value of .96 (Fig. 3) . In other words, CMI is statistically zero. Furthermore, variance did not differ between groups, F(1, 51) = 0.43, p = .52, ruling out the possibility that a lack of CMI differences is due to equal numbers of SZ with abnormally strong and abnormally weak CMIs.
We also examined intertask correlations to test whether a weak contextual effect on one task would predict a weak contextual deficit on other tasks-a finding that would be expected by the presence of a common underlying deficit. However, no such correlations were found in SZ (all |Pearson's r| < .40, all p > .06) nor in CO (all |r| < .41, all p > .07). Correlations did not reach significance even without Bonferroni correction. The strongest correlation in the SZ group performance was between orientation and motion tasks (r = .39, p = .07), whereas the rest of the intertask correlations fell below .18 (p > .38). This lack of intertask correlations further suggests that our contextual tasks reflect largely distinct neural mechanisms. Finally, we probed the relationships between the strength of contextual illusions and clinical symptoms in SZ. Results showed that the magnitudes of both orientation and motion illusions were positively correlated with the BPRS such that the severity of symptoms was associated with stronger illusory repulsion (Figs. 4a and 4b Spearman's rho [r s ] = 0.50, p = .008, n = 27; r s = .57, p = .002, n = 26, respectively). Orientation and motion illusions were correlated with negative symptoms (SANS; r s = .46, p = .02, n = 27; r s = .41, p = .04, n = 26, respectively) and positive symptoms (SAPS; r s = .38, p = .05, n = 27; r s = .44, p = .02, n = 26, respectively). Stronger orientation repulsion was further associated with longer illness duration ( Fig. 4c ; r s = .46, p = .02, n = 27) and lower social functioning ( Fig. 4d ; r s = -.48, p = .01, n = 25). The same analyses were applied after excluding one to three additional outliers based on symptoms scores, but still all correlations remained significant. In fact, correlations reported with the BPRS and SANS grew stronger (r s = .50~.67, p ≤ .001~.01). BPRS, illness duration, and social functioning were not correlated (all |r s | < .25, all p > .20). Correlations with symptom scores and social functioning were not found with other tasks (all r s < .32, all p > .09). Correlations between Brief Psychiatric Rating Scale (BPRS) symptoms ratings and (a) perceived motion direction changes in the motion repulsion task and (b) perceived orientation changes in the orientation repulsion task. In both cases, individuals with schizophrenia (SZ) with higher BPRS scores were more likely to have stronger repulsion effects. Correlations remained significant when excluding one potential BPRS outlier (motion: r = .67, p < .001; orientation: r = .49, p = .01). Box plots illustrate the range of motion (left) and orientation (right) repulsion in controls (CO; middle horizontal line denotes the median; the box boundaries represent the quartiles; and the "whiskers" range from the minimum to maximum values). Correlations were also calculated between magnitude of orientation repulsion and (c) illness duration and (d) social functioning score. SZ with stronger orientation repulsion were more likely to have poorer social functioning and longer duration of illness. Overall, poorer clinical measures predicted stronger perceptual repulsion effects.
Discussion
In this study, we examined contextual interactions in SZ across a broad range of visual tasks. SZ showed a weak contextual effect of contrast and, consequently, more accurate task performance relative to age-and gender-matched CO. Yet, the magnitude of contextual modulations associated with luminance, size, orientation, and motion were similar between groups. However, the strength of orientation repulsion and motion repulsion was related to clinical symptom severity and social functioning: Stronger repulsion effects were associated with greater psychiatric symptoms, longer duration of illness, and poorer social outcome. Moreover, with regard to overall contextual modulation strength, the two groups could not be distinguished. In summary, our findings argue against a general contextual processing deficit in SZ and instead point to a more precise problem; that is, abnormal contextual interactions in SZ are observed in specific visual submodalities and may be modulated by illness severity.
Contextual modulation of brightness
To our knowledge, this is the first study to investigate effects of surrounding context on perceived brightness in SZ. We found relatively intact brightness induction across several surround luminance values in SZ. The mechanisms responsible for contextual effects in brightness perception have been reported in the retina, lateral geniculate nucleus, and primary visual cortex (Kinoshita & Komatsu, 2001; Rossi & Paradiso, 1999) . Thus, our results suggest that these subcortical and cortical mechanisms are relatively intact in SZ. A previous study found abnormal luminance discriminations in SZ (Delord et al., 2006) . This result, however, is in contrast to normal luminance matching in the no-context control condition reported here. Dakin et al. (2005) were the first to report a weakened contextual contrast illusion in SZ. However, a recent study with a multisite, large sample by Barch et al. (2012) did not replicate these results after excluding individuals who performed poorly on catch trials. Barch and colleagues argued that weakened surround contrast effects in SZ might be attributed to general impairments in attention. We, like Dakin et al., have found abnormally weak contrast modulations in SZ. In fact, we observed this result paired with normal baseline performance and intact contextual effects on other tasks, leading us to exclude deficits in attention as a possible underlying cause. Although our findings do not exclude a possibility of attentional confounds in the Barch et al. study, we do show that abnormally weak contextual processing can be observed even when there is no evidence for attentional impairments. It is likely that the unimpaired baseline performance in our study is due to unrestricted stimulus duration and concurrent target/ reference presentation. Previous studies Dakin et al., 2005 ) used a two-interval procedure with relatively short stimulus durations (500 ms), which may be more susceptible to attention deficits. Our results extend other reports that demonstrate various impairments in contrast processing in SZ (Kantrowitz, Butler, Schecter, Silipo, & Javitt, 2009; Must, Janka, Benedek, & Kéri, 2004; O'Donnell et al., 2002 ; but see Chen et al., 2003) . For example, SZ fail to show typical contrast sensitivity modulations in the presence of collinear flanking stimuli (Must et al., 2004) . Surround contrast modulation is believed to reflect gain control mechanisms in the primary visual cortex (Chubb et al., 1989; Lotto & Purves, 2001) . Our results of relatively normal contextual modulation of luminance and impaired modulation of contrast together may suggest that abnormal visual processing in SZ begins at the level of the primary visual cortex. Furthermore, dysfunctional inhibitory circuitry in the early visual cortex may be central to deficits in contextual contrast modulation. Yoon et al. (2010) reported that SZ exhibited lower concentrations of GABA in the visual cortex that were also predictive of weakened contrast gain control, as evidenced by reduced orientation-specific surround suppression. Furthermore, these results could not be explained by a potential antipsychotic medication effect. We found that the chlorpromazine equivalent dose, which indexes dopamine D2 binding, did not correlate with performance on the surround contrast task (r = .12, p = .58) or any other contextual task (all |r| < .17, all p > .44). Moreover, atypical antipsychotic medications reportedly have little influence on visual sensitivity (Chen et al., 2003) . Although it seems unlikely that medication contributed significantly to the weakened contrast illusion in SZ, further research is needed to eliminate this possibility completely.
Contextual modulation of contrast

Contextual modulation of size
In our study, SZ showed a normal Ebbinghaus size illusion. In contrast, previous studies reported that both SZ (Uhlhaas et al., 2006) and psychometrically ascertained schizotypal individuals (Uhlhaas, Silverstein, Phillips, & Lovell, 2004) showed a reduced size illusion effect. However, this result was observed in only a subset of individuals with disorganization symptoms or thought disorder. Our findings are consistent with Uhlhaas et al. (2004 Uhlhaas et al. ( , 2006 , as SZ participants in our study exhibited few, if any, symptoms of disorganization. It is also possible that SZ are only impaired in perceiving size illusions that are modulated by contrast. Kantrowitz and colleagues (2009) found that SZ differed from CO only on illusions of which strength varied with stimulus contrast, such as the Muller-Lyer and Ponzo illusions. Yet, the magnitude of the Ebbinghaus illusion does not vary with contrast (Hamburger, Hansen, & Gegenfurtner, 2007) . This theory dovetails nicely with the weak contextual modulation of contrast and relatively normal contextual modulation of size (with the Ebbinghaus illusion) we found in SZ.
Contextual modulation of motion and orientation
Motion perception deficits are well established in schizophrenia and range from low-level motion deficits to abnormal processing of complex motions (Chen, 2011; Kim et al., 2011) . Recent studies identified abnormal contextual modulation of moving stimuli (Chen et al., 2008; Tadin et al., 2006) , although the exact nature of these deficits is still under debate. Using stimuli consisting of randomly moving dots, Chen et al. (2008) reported abnormally strong surround motion repulsion in mildly symptomatic SZ. In contrast, we previously found weaker surround suppression of moving grating stimuli (Tadin et al., 2006) . SZ with strong negative symptoms outperformed CO on direction discriminations of large, high-contrast motions. This result indicates weaker center-surround antagonism in motion processing in SZ-a deficit that can be linked with disrupted processing in the middle temporal cortical area (Tadin, Silvanto, Pascual-Leone, & Battelli, 2011) . The present study, however, reveals stronger repulsive surround effects in SZ with greater symptom severity (Fig. 4) , which is consistent with Chen et al.'s results. Both our task and the task used by Chen et al. measured subjective direction repulsion effects with stimuli that have clearly defined center and surround regions. In contrast, Tadin et al. (2006) used an objective direction discrimination task with briefly presented (<100 ms) large stimuli. These substantial task and stimulus differences almost certainly indicate involvement of nonoverlapping motion processes and likely explain the different results in these studies. For example, neural processing of large, briefly presented stimuli involves mechanisms for which the nature changes as the stimulus duration exceeds 100 ms (Churan, Khawaja, Tsui, & Pack, 2008) . Another key difference between these studies is that clinical symptom scores (BPRS, SAPS, and SANS) were much higher in the Tadin et al. study (2006) . This opens the possibility that the weakening of contextual interaction in motion perception is linked with the severity of symptoms. In fact, even among highly symptomatic patients in our previous study (Tadin et al., 2006) , we found a positive correlation between clinical symptoms and abnormal weakening of surround suppression.
Turning to contextual orientation effects, Yoon et al. (2009 Yoon et al. ( , 2010 reported that SZ exhibited weakened surround interactions in orientation in comparison to CO. It is important to note that the measured contextual modulation was not a perceived change in stimulus orientation (as in the present study) but a perceived change of stimulus contrast. In other words, Yoon and colleagues' task is close to our contrast modulation task (Fig. 1a) , in which we also find a weakened effect of surround contrast. In our present orientation task, we investigated the orientation repulsion illusion, which presumably arises from inhibitory interactions among neural populations tuned to different orientations (O'Toole & Wenderoth, 1977) . We find that stronger orientation repulsion is linked with increasing symptom severity and poorer social outcome. To our knowledge, this is the first investigation of orientation repulsion in SZ.
Recently, Gold et al. (2012) examined the clinical correlates of three cognitive measures in a large cohort of SZ, including contextual contrast modulation. These measures were chosen for their potential use in clinical studies of SZ. The researchers found that the surround contrast illusion failed to predict clinical symptoms or social functioning, which is in agreement with our results. However, we found that the magnitudes of both motion and orientation repulsion illusions strongly predicted the severity of a range of clinical symptoms and the orientation illusion further predicted social functioning. Further investigation will be necessary to ascertain the usefulness of these particular contextual illusions for clinical studies of SZ.
Clinical and theoretical implications
Our study was directly motivated by a number of studies revealing weaker contextual effects in schizophrenia (e.g., Dakin et al., 2005; Tadin et al., 2006) . Results from these studies have been interpreted as evidence for a broad deficit in contextual processing that is manifested in weaker contextual effects. That interpretation, in turn, sparked interest in using measures of contextual processing for clinical trials in schizophrenia Gold et al., 2012) . These measures are scientifically and clinically appealing for several reasons. First, refined psychophysical methods provide powerful, sensitive, and objective tools for inferring brain function and functional neuroanatomy of the visual cortex. Second, schizophrenia is characterized by a broad range of perceptual and cognitive deficits; demonstration of additional deficits in schizophrenic patients is not met with great skepticism. At the same time, Brendan Maher (1996) and others have argued persuasively for the implementation of tasks in which the putative psychopathology leads to superior performance to rule out the shadow of the generalized deficit in schizophrenia. Thus, to fully understand the behavioral phenotype, it is necessary to specify both the impaired and the enhanced performances to describe the complete behavioral and cognitive profile of schizophrenia.
Why are our results important? We find no clear evidence for a general weakening of contextual visual processing. This finding is important for several reasons. First, it provides evidence against the widespread assumption that contextual processing is broadly impaired in schizophrenia. This commonly held belief that contextual processing represents a core problem in schizophrenia may be driven, in part, by the file drawer effect, wherein published results are biased in favor of statistically significant results and against null results. Exacerbating this problem is the fact that almost all these published studies were conducted on single visual modalities. Second, the results of our comprehensive evaluation of contextual effects are not meant to prejudge the question of whether contextual tasks should be used for clinical trials. Rather, our results underscore the need for more research. Finally, we report for the first time the profile of contextual processing in schizophrenia wherein we not only confirm older results but report new abnormalities as well. In sum, our study shows clear evidence arguing against the notion of a generalized deficit in contextual processing and further demonstrates the specificity and complexity of contextual deficits in schizophrenia.
Conclusion
This study presents a comprehensive evaluation of contextual interactions in SZ based on a battery of well-established psychophysical tasks that tap into distinct visual mechanisms. Our findings provide strong, new evidence against a broad, general, and unitary contextual processing deficit in schizophrenia. Given the current state of the literature, our findings represent a significant and important progress toward a more nuanced understanding of perceptual abnormalities in schizophrenia. Accurate perception forms the basis for our interactions with the external environment. Anomalous perceptual experiences, therefore, could lie at the core of the chronic difficulties confronted by individuals with schizophrenia as they attempt to navigate the complex, fast-moving, and constantly changing world.
